Introduction {#sec1}
============

Ulcerative colitis (UC) is an inflammatory bowel disease that affects quality of life of the patients \[[@cit0001]\]. Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterized by progressive destruction of both intrahepatic and extrahepatic bile ducts and eventual development of biliary cirrhosis \[[@cit0002], [@cit0003]\]. The etiology of this condition is poorly understood, but there is some evidence suggesting that autoimmune phenomena play a role in the disease pathogenesis \[[@cit0004], [@cit0005]\]. The majority of patients with PSC have underlying inflammatory bowel disease (IBD), i.e. UC or Crohn's disease \[[@cit0006], [@cit0007]\]. Patients with PSC are more likely to have UC than Crohn's disease (90% vs. 10%), with approximately 5-8% of all UC patients having PSC \[[@cit0008]-[@cit0010]\]. Primary sclerosing cholangitis is relatively infrequent in children, with a likely incidence less than 20% of that reported for adults \[[@cit0011]\]. Despite this, PSC remains an important cause of morbidity and mortality in children and accounted for approximately 2% of the liver transplants performed in this group of patients \[[@cit0011]\].

The recent recognition of immunoglobulin G4-related sclerosing cholangitis (IgG4-SC) found in association with autoimmune pancreatitis has led to the recognition that some previously diagnosed cases of PSC were in fact IgG4-related diseases \[[@cit0012]-[@cit0014]\]. Findings show that serum IgG4 levels are often elevated in PSC, and IgG4 plasma cells are frequent in PSC liver explants \[[@cit0015]\]. In addition, the IgG4-related diseases are typically responsive to corticosteroids, which are not seen in PSC \[[@cit0013]\]. In this regard, measuring the IgG4 and gamma-glutamyl transpeptidase (GGT) level in patients with PSC to explore a possible common pathway in the pathogenesis of these diseases seems to be crucial and can provide a treatment protocol based on corticosteroid for these patients. Considering the above information, we measured IgG4 concentration in a group of UC patients with and without PSC, and evaluated its predicting effects for PSC.

Material and methods {#sec2}
====================

Study population {#sec2.1}
----------------

This comparative cross-sectional study was conducted from January 2014 to May 2015, in the Children's Medical Center in Tehran, Iran. The center functions both as a primary and as a referral center for children with severe liver disorders. A total of 90 children with UC (with PSC and without PSC) were included in the study. The diagnosis of PSC was based on accepted criteria including clinical, biochemical, and radiological findings \[[@cit0016]\]. After observation of a clinical or biochemical abnormality, patients were diagnosed with sclerosing cholangitis (SC) if segmental bile duct stricture was documented by magnetic resonance cholangiopancreatography (MRCP). Patients with autoimmune diseases (systemic lupus erythematosus, vasculitis) and allergic disorders (asthma, atopic dermatitis) were excluded from further analysis. Standard clinical data including demographic, clinical, laboratory and radiological features of patients with PSC were documented. All these patients had previously given informed consent for use of stored sera, and for review of medical records.

Immunoglobulin G4 determination {#sec2.2}
-------------------------------

Immunoglobulin G4 was measured at least once in all patients attending the clinic with a diagnosis of PSC. In our study, patients with serum IgG4 concentration *\>* 175 mg/dl were considered to have elevated IgG4 \[[@cit0017]\]. The method used to measure serum IgG4 concentration was immunonephelometry (MININEPH Nephelometer, the Binding Site Ltd. USA).

Statistical analysis {#sec2.3}
--------------------

Statistical analysis was performed using the chi-square test and nonparametric Mann-Whitney *U* test to compare the variables. *P*-values less than 0.05 were considered statistically significant. Data were analyzed using SPSS version 18 software.

This study was approved by the ethical committee of the hospital.

Results {#sec3}
=======

During the study period, of the 90 patients who were diagnosed with UC, 30 (33.3%) had PSC (cases) and 60 (66.6%) had no symptoms of PSC (controls). The mean age of case and control groups was 13.1 ±4.1 and 11.3 ±3.4 years, respectively. Forty-four (48.8%) patients with UC were girls and 46 (51.2%) were boys (*p* \> 0.05). Serum IgG4 levels were elevated in 8 (26.6%) of the patients with PSC, whereas 3 patient without PSC (5.0%) had elevated serum IgG4.

[Table 1](#t0001){ref-type="table"} shows the comparison between the two UC groups (with and without PSC) in regards to age, age at diagnosis of UC, aspartate aminotransferases (AST) level, alkaline phosphatase (ALP) and gamma-glutamyl transpeptidase (GGT) levels and IgG4 levels. Compared with the group without symptoms of PSC, the group with PSC (cases) showed significantly higher levels of AST (22.5 U/l vs. 70.0 U/l, *p* \< 0.001), ALP (359.0 U/l vs. 602.0 U/l, *p* \< 0.001), and IgG4 (56.0 vs. 73.0, *p* = 0.02).

###### 

Comparison of demographic, clinical, and laboratory data between ulcerative colitis patients with and without primary sclerosing cholangitis

  Variable                          Cases (30)       Controls (60)   *P*-value
  --------------------------------- ---------------- --------------- -----------
  Age (years)                       11.1 (4.13)      11.3 (3.45)     0.80
  Age at diagnosis of UC (years)    8.2 (3.71)       9.2 (3.20)      0.172
  Age at diagnosis of PSC (years)   9.96 (3.45)      NA              NA
  AST (unit /l)                     70.0 (58.75)     22.5 (21.75)    0.001
  ALT(unit/l)                       70.0 (61)        21.5 (24.75)    0.001
  ALP (IU/l)                        602.0 (676.75)   359.0 (301)     0.001
  GGT (IU/l)                        111.0 (211.5)    21.5 (17.75)    0.001
  Total IgG (mg/dl)                 1534.0 (890.5)   950.0 (427)     0.001
  IgG4 (mg/dl)                      73.0 (266.5)     56.0 (39.5)     0.02

UC -- ulcerative colitis, PSC -- primary sclerosing cholangitis, AST -- aspartate aminotransferases, ALT -- alanine aminotransferase, ALP -- alkaline phosphatase, GGT -- gamma-glutamyl transpeptidase, NA -- not available

The odds ratio of elevated IgG4 and GGT in predicting PSC was 6.9 (95% CI: 1.6-28.4) and 18 (95% CI: 5.7-55.9), respectively ([Table 2](#t0002){ref-type="table"}).

###### 

Odds ratio of elevated immunoglobulin G4 (IgG4) and gamma-glutamyl transpeptidase (GGT) in predicting primary sclerosing cholangitis

  ---------------------------------------------------------------------
         Crude OR(95%CI)   *P*-value   AdjustedOR (95%CI)   *P*-value
  ------ ----------------- ----------- -------------------- -----------
  IgG4   6.9\              0.007       7.44\                0.007
         (1.67-28.44)                  (1.74-31.72)         

  GGT    18\               0.001       18.17\               0.007
         (5.78-55.98)                  (5.78-57.07)         
  ---------------------------------------------------------------------

OR -- odd ratio

Measuring the mean duration (years) of UC indicated that there was a significant difference in the duration of the disease between patients with and without PSC with a median duration of 2 vs. 1 years (*p* = 0.02), respectively.

The mean disease duration and the mean age at diagnosis in the group with normal serum IgG4 and the group with elevated IgG4 showed no significant difference, *p* value \> 0.05 ([Table 3](#t0003){ref-type="table"}).

###### 

Mean disease duration and the mean age at diagnosis in the studied groups

                                  Cases withelevated IgG4   Cases withoutelevated IgG4   *P*-value
  ------------------------------- ------------------------- ---------------------------- -----------
  Mean disease duration (years)   2                         2.5                          0.9
  Mean age at diagnosis (years)   8.5                       9                            0.7

Discussion {#sec4}
==========

In the present study, we analyzed the role of serum IgG4 levels in the diagnosis of immune-related SC in the patients with UC. According to our results, IgG4 levels were elevated in 8 of 30 (26.6%) patients with PSC, whereas only three patients without symptoms of PSC (5.0%) had elevated serum IgG4. This rate of patients with elevated serum IgG4 was comparable with those of previous studies from Iran. During 2011-2012, Parhizkar and others reported that 9 of 34 (26.5%) patients with diagnosed UC had elevated serum concentrations of IgG4 \[[@cit0018]\]. In this survey, we also measured the odd ratio of elevated IgG4 in predicting PSC. The presence of high levels of serum IgG4 was significantly associated with a greater than 7-fold higher risk of PSC ([Table 3](#t0003){ref-type="table"}). This finding suggests that IgG4 measurement should be considered in all patients with PSC.

In the study by Lian *et al*., elevated serum IgG4 ≥ 1.25 upper limit of normal range (ULN) shows excellent predictability to distinguish IgG4-SC among SC patients \[[@cit0019]\]. In the study by Taghavi *et al*., high serum IgG-4 was detected in a higher percentage of patients with PSC \[[@cit0020]\].

Moreover, several other important factors such as AST, ALT and ALP score were significantly higher in patients with PSC than those in control subjects, which seem to be valuable criteria in PSC diagnosis. Other parameters of the patients (MRCP, calprotectin and P-ANCA) were also pronounced; however, statistical significance was not achieved, in part probably because of unavailable laboratory data or liver biopsy specimens. In the previous study, several variables such as laboratory and imaging findings, presence of IBD, esophageal varices, ascites, age, smoking and Child score were analyzed in patients with elevated IgG4 and compared with patients with normal IgG4 concentration \[[@cit0018]\]. According to their results, they did not find any significant relationship among patients with and without elevated IgG4 in terms of investigated parameters \[[@cit0018]\]. In the Mendes *et al*. study, 12 of 127 (9.4%) patients with increased IgG4 levels had higher risk scores and less time for liver transplantation \[[@cit0002]\].

In the current study, GGT level was significantly higher in UC patients with SC than patients without SC. In the study by Goyal *et al*., elevated GGT and ALT in patients with UC was associated with markedly increased UC associated liver disease \[[@cit0021]\]. In the recent study by Deneau *et al*., GGT normalization or reduction was associated with a favorable outcome among UC children with PSC \[[@cit0022]\].

Some limitations of this study should be considered for interpretation of results. First, although we started with a large number of patients, after several screenings, the number of eligible patients was quite small. This may be due to the fact that the prevalence of PSC in children is less than 20% of that reported for adults. Second, the potential influence of some important factors could not be analyzed because of the limited information obtained from the studied patients. Due to financial limitations, only IgG-4 and GGT were used in this study.

In conclusion, relatively high levels of serum IgG4 in patients with UC and PSC were seen. In this regard, measuring IgG4 and GGT in PSC patients may be considered and should be a part of the diagnostic criteria in these kinds of patients. Further studies to clarify the true nature of IgG4-related SC and its response to corticosteroid therapy and other useful therapies are needed.
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